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PROCESS TO PRODUCE 2'. 3-0ideoxynucleosides 



BACKGROUND OF THE INVENTION 
Field of the Invention 

This invention relates to an improved process to produce 2\3'-dideoxynuctesides. Further, this invention 
relates to novel a-(D)-and a -and 0-(L)-2\3'-dideoxynucleo$ides. 



Background • Related References 

Typically. 2'.3'-dideoxycytidine (ddC) is synthesized from 2'-deoxycytidine' 2 This is a general method 
for the synthesis of 2\3'-dideoxynucleosides. The starting materials for this synthesis are. however, 
extremely expensive and not available in bulk. The reagents required for this deoxygenation. furthermore, 
are also quite costly. 

Other preparations involve the use of cytidine or protected cytidine. which is then subjected to stepwise 
di-deoxygenation. The original synthesis of Horwitz 3 used a cyclonucleoside as intermediate and involved 
many steps. 

The racemic mixture of 0-(D.L)-2'.3'-dideoxyadenosine (ddA) has been described in the literature by 
M.J. Robbms, et al. 4 

Most of the other procedures involve reduction of the nucleoside to a 2*.3*-unsaturated intermediate, 
whfch is then catalytically hydrogenated 567,9 ,0 . A more complex approach that involves a Perkow 
reaction has also been described 1 *. A number of these methods are summarized in a U S. Patent' 2 . More 
recently, a photoreductive synthesis of dideoxynucleosides. also from nucleosides, has appeared' 3 . Some 
of the above methods apply to 2'.3'-dideoxyuracil, but this is easily converted into ddC 4 

Finally, a synthesis of dideoxynucleosides. which are racemic and also anomenc. from a variety of 
tetrahydrofurans. via a photochemical chlonnation. is described in the Russian literature' V Cytidine is an 
expensive starting material for multi-kilo preparations of ddC. In addition, the substituted tetrahydrofurans 
used by the Russian authors, although rather inexpensive, are racemic and are also anomeric mixtures and 
would produce ddC as a mixture of difficulty separable enantiomers. Also. l-dideoxynucleosides are 
unavailable from natural nucleosides. This is the only method known to make them. 



SUMMARY OF THE INVENTION 

in summary, this invention comprises a process for producing 2'. 3'-dideoxy nucleosides represented by 
the formula 




wherein 8 is a purine or pynmidine base and R is H or a hydroxy-protecting group, novel 2.3- 
diaeoxynudeosides thereby produced, and their use as antiviral and antibiotic agents, especially as antiviral 
agents effective against the acquired immune deficiency syndrome (AIDS) infectious agents. 

The earlier application. U S. Serial No. 028.817 filed 20 March 1987 discloses broadly the process 
aefmed herein as the invention. More particularly, the description of the invention and original SCHEMES I 
and ii set forth structural formulas which dearly indicate that product produced according to the process of 
the .nvention may possess the base m #e i-position or the a-position. 8ut. those formulas less explicitly 
aefme the stereochemical orientation with respect to the hydroxymethyl moiety pendant to tne pen- 
tofuranose ring at the 4-position. The original actual examples illustrate 2\3'-dideoxynucieosides produced 
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STnn7 ^ ^ ' nVen,,0 ° StartmQ ' r0m ,0 >-- c ^oxy.,. D utyro.actone We have now ,„ us;rate . :re . r „ ca „ 
starting from (U-.-cardoxy-^utyro.actone to produce each of the possible enannomers ecara^ rl 

z:i::irr 10 th,s ,nvennon comor,ses a ch,rai synine - * a ; 0 s i 

accmonai step of separating enantiomers J CS ! ' e 

m another aspect, this inven„ 0 n comprises (U-d.deoxynucleosides. Particularly th,s invention 
Dnses <L)-d,deoxynuc.eos.des produced by to the process according w th,s invention L ° 

p^s™™'- th,s ,nvent,on compr,se$ ceaa,n «"* « »• 
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OETAILED DESCRIPTION OF THE INVENTION 

The present invention ,s a process for producing a dideoxynucleos.de represented by the formula 
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fTomtTanri'h Se ' eCted ^ lh9 9f ° UP °' P ° fme Pyf,m,din * b "« "d R .s a member selected 

jc from H and hydroxy-protect.ng groups, wh.ch comprises the steps of- 

(a) converting a member of the group cons.st.ng of L-and CH-carboxy-^butyrolactone of the formu.a 



HXC 




Formula 1 



to a 5-0-hydroxy-protecting group- 7 -butyrolactone of the formula 



45 
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55 



Formula 2 



wherein R is a hydroxy-protectmg group; 

2 3 Jpo C °" Veft,r ; 9 the from step (a). Formula 2. to the 5-0-hydroxy-protect.ng group-methyl- 

2.3-dideoxy-O-or -L-pentofuranose of the formula yy y 




Formula 3 



wherein R is a hydroxy-protecting gcpup; 
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(C) converting the intermediate from step (b). Formula 3. to the l-O-activatmg-grouo-5-O-hydroxy. 
protecting group-2.3-dideoxy-0-or -L-pentofuranose of the formula 

,0A 

Formula 4 




wherem R is a hydroxy-protecting group and A is an O-activating group selected from alkyicarbonyl 
aryicarbonyl. alkyith.ocarbonyl, arylthiocarbonyl. alkylsulfonyl. arylsulfonyl and catbonate groups where.n the 
aikyi mo.ety may be an unsubstituted or substituted C.-C 3 alky* group and the ary! moiety may be an 
unsubstituted or substituted phenyl group and wherein the substituent on the alkyl and aryl mo.eties may be 
15 selected from 1 to 3 groups selected from halo and C<-C 3 alkoxy groups; 

(d) convening the intermediate from step (c). Formula 4. by reaction with a compound having one of 
the formulas HX and TMSX to the 1 -leav.ng-group-5-O-protectmg group-2,3-dideoxy-D-or -L-pentofuranose 
of the formula 



20 RO 




Formula S 



wherein R is a hydroxy-protecting group and X is a leaving group selected from F, CI. Br and I: 

(e> reacting the intermediate from step (d). Formula 5. with an activated base selected from purine 
and pynmidine bases, wherein the base has been activated by means of reacting the pendant am.no and 
hydroxy groups on the nucleus of the given base with an activating compound selected from silyiatmg and 
3Q acetyiating and benzoylating agents, in the presence of one of a Bronsted acid and a Lewis acid: and 
(f) recovering the 2\3'-dideoxynudeoside from step (e) above. 
The process for producing two representative dideoxynucleosides according to this invention is outlined 
m Scheme I below. 
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Scheme I 
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ac ,</h U 9 f, aftin9 matefia1, >- carbox y^-^'V^lactone may be conveniently obtained from l'or D-glutamic 
acid by util. 2 .ng conventional techniques reported in the chem.cal literature" 

A comb.nat.on of chemical reactions produce a suitably blocked. 2.3-dideoxypentofuranose 3 Th.« 
compound and its derivatives are known ,n the literature woxypentofuranose. 3. Th.s 

arouL h m*rnvf TTf" °* ^ ma,ena '- ^^^^^tyro.actone. to a 5-0-hydroxy.protect.ng 

group-methyH-butyrolactone. step (a), .nvoives the reduct.on of the vcarboxy group to a hvdroxvm! mS 

c 9 Zx °" Q T t,y ; eaCt, °° * h ^ r0x V-Protect,n g group reagent. £ exaJp.^ hVreou o ° 0 The v 
ZcZ>'?£ ^ * re$U,t,n9 - h V^oxymethy. group by means of the benzy group 

ZZV^WW^r" ^ *" SUCCMS,Ve reaCt '° n °' ^ - Formula ?w,S 

rtia ? 6 . u P ? marY alCOh0 ' ,unct,onal 9 f0u P ma V ^ protected as an ether, such as a thaikyi or d.alkvi arvi or 
: T^Z^" ™*»™« « -bsmuted benzyl, unsubst.tu.ed and substituted Ty ' „° y 
c SU ° " 3 •"""^ mes ' toy '" p,va,oy '- "««bsmuted or subst.tu.ed acetyl or a 
Pr0,eCt,ve < G ' oup$ Synthes,s.« T. W. Greene. John Wiley New Y 0 r ,98 

preferred ^TlTT™ ° P '° ,eChn9 9r ° UpS *" Chem ' Stry t0 th « '«"•■ a ™°re 

5 ~s In the h ^ rt ^ U$ed " hydf0Xy - pr0teC,in 9 W ^ the pnmary alcohol group at the 
knotr! prepay " Pf9 ' efa °' y ben " yl gr0u °- because of the,r s < ab " l{ y a ™ well- 

aro Jnl n C °" Ver5,0n °' ,he S-O^V^'Oxy-protecting group- 7 -ou,yrolactone. to the 5-0-hydroxy-protect.nq 

Savl'Vn ?°7 Pent °' Uran0Se h3V - 9 FOrmu ' a 2 ' n S,ep (b) was achieved b V intermediate 
hav,ng Formula 2 w.th NaH and HCOjEt followed by HClV 

it w,ll be understood by those skilled m the art to wn.ch m.s mvention relates that any one of a numoer 
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:f .'educing agents may be used to carry out either or both of steps (a; and (b) independently n e m 
succession) or at tne same time. Other useful reducing agents besides Bh, SMe 2 used m steos (a) and ib] 
as described above include NaBh*. NaBH 4 plus UCl or AlCh or BFj. U AiH» . UAiH(OMeb LiAiH<C-i-Bun. 
■ S<a):BH fdisiamyi borane) and other dialkyiboranes. and the like We orefer to use <Sia) 2 8H as the 

5 -educing agent because of its convenient handling and reactivity. 

The step (CJ conversion of the intermediate having Formula 3 to the intermediate having Formula 4 
bearing an "activated" hydroxy group at the C(l) position of the 2.3-dideoxypentofuranose ring system may 
oe achieved by any reagent effective to convert this hydroxy group to a group which may be displaced 
-eadily by Cl or 8r upon reaction with HCl or HBr or. preferably. TMSBr or TMSCl ( «• ) catalytic amount of 

-o TMSi. ("TMS" represents the tetramethyisilyi group). Such a group which be so displaced readily include 
O-activating groups selected from alkylcarbonyt, arylcarbonyl, alkylthiocarbonyl, aryithiocarbonyi. alkyisul- 
fonyi. aryisulfonyl and carbonate groups wherein the alkyl moiety may be an unsubstituted or substituted 
C--C 3 alkyl group and the aryl moiety may be an unsubstituted or substituted phenyl group and wherein the 
suostituent on the alkyl and aryl moieties may be selected from 1 to 3 groups selected from haio and C -Ci 

•5 alkoxy groups. More preferably, this activating group is selected from corresponding (to the above) acetoxy 
and benzoyloxy groups and. most preferably, acetoxy. Step (c) was conveniently carned-out using acetic 
annydnde.'pyndine reagent. 

The step (d) displacement of the 1 -O- activating group functional group with a leaving group selected 
from Cl and Br was achieved by treatment of 4 with HCl (or HBr) in CH 2 C! 2 at low temperature to give the 

20 furanosyl halides 5a and 5b. which are present m solution as a mixture of anomers (a and i). 

In step (e) of the process according to this invention, the intermediate having Formula 5 from step (d) 
above was reacted with a suitably activated base, wherein the base is selected from purine and pynmidme 
bases and wherem such base has been activated by reaction with well-known activating reagents to obtain a 
siiylated. acetylated or benzoylated or other acylated base, in the presence of a suitable polar or non-polar 

25 solvent and. optionally, in the presence of a Lewis acid such as. for example, boron halides. aluminum 
halides. titanium halides. tin (IV) chloride, zinc halides. trimethyisilyl bromide, iodide, tnflate and any other 
species well-known to be used in glycosylation reactions or in the presence of a Bronsted acid such as 
hyarogen chloride, bromide or iodide. Especially useful in this step (e) is the use of siiylated purines and 
pynmidines in the presence of non-polar solvents such as. for example, benzene, toluene, chloroform. 

30 dichloromethane. dichioroethane and carbon tetrachloride. Examples of useful polar solvents include others 
such as tetrahydrofuran and dioxane, mtnles such as acetonitrile. dimethylformamide. and dimethyisuifox- 
ide. An example of a useful procedure to carry out step (e) is disclosed in Brundidge et aL U.S. Patent 
4.625.020 which discloses the coupling of siiylated pynmidines. wherein active hydrogens of hydroxy and 
ammo groups are blocked by silyl groups such as the trimethyisilyl group, with a 2-deoxy-2- 

js fluoroarabmofuranosyl halide. As this referenced procedure was applied to step (e) according to the present 
invention, a purine or pyrimidine base having all active hyroxy and amino hydrogens blocked by the 
trimethyisilyl group was reacted with an intermediate having Formula 5. 

Thus, treatment of intermediate having Formula 5 with a siiylated base as defined above in CH 2 Cla and 
CHCI 3 gave protected 2\3-dideoxynucleosides as a mixture of anomers {0:a * 1:1 to 3:1) in good yields 

*o (from about 49% to about 74%). 

Alternatively, in another embodiment according to this invention, when in step (c) the group "A" is 
acetyl, the intermediate from step (c) may be reacted with an activated base in the presence of a Lewis 
acid as m step (e) so as to obtain the dideoxynucleoside product without proceeding through step (d). 

Generally, m order to obtain final products having antiviral, antimetabolic. antineoplastic, and anti-human 

-s immunodeficiency viruses (anti-HIV) activity, following the coupling reaction of step (e) and prior to recovery 
of product in step (f), the process according to the present invention includes the additional step of 
removing the 5-O-protecting group. Suitable procedures to remove this protecting group are well-known in 
the field to which this invention relates and examples are disclosed in "Protective Groups in Organic 
Synthesis" by T. WVGreene. John Wiley New York. 1981 mentioned above. When the protecting group is 

so the especially preferred benzyl or benzoyl group, it can be easily removed by catalytic hydrogenanon 
(H 2 PdCl2) or treatment with ammonia in methanol. (NH 3 MeOH). respectively. 

The 2'.3'-dideoxynucleoside product, unprotected or protected, was conveniently recovered by collect- 
ing the reaction mixture from step (e) or from the additional step wherein the 5-O-protecting group was 
removed, removing insoluble reactants and additives by filtration through Ceiite. and purifying the resulting 

55 product by column chromatography, for example on a silica gel column using a mixture of about 1-5% 
methanol m chloroform as eluent. 

The resulting anomers {3 and a) werd~separated using chromatographic and crystallization techniques 
*eii-known m the field to which this invention relates. The desired active i-anomer generally was obtained 



>n greater proportions than the apparently D.oiogicaily inactive or at least ies< 

rn us . «n e process accord.ng « 0 me present ,nven„on Xas^ ^^Z^ '""^ 
2 3 •d.deoxynucleos.ces mciudmg <0)- d , «0)-a. (L)-d-. an. (L>.-<om^na, °' 
The following is a general procedure for sefwahnn j 
s -o a s,„ca ge. HP 9 . LC colmn and e.uted U a7~, Z"o ' S 
«fio ; rate of 100-500 m„m,n,. Appropriate fracuons are poo.ed ano hTs 0v n r mo eTe Q dvt 
under reduced pressure, to afford the pure anomers. amoved, e.g. by evaporation 

As is mentioned above, the base component a of th« r r 
the process of the present ,nven„on „ select loVZL '^TT^T aecordin « to 

•o purine bases, representa,,ve of 8 are the following: * Pyr ' m ' dme b3S6S When aer,ved '™ 

6-amino-punn-9-yl (adenin-9-yl) 
2-aminopunn-9-yl 
2.6-diaminopurin-9-yl 
2-amino-6-hydroxypunn-9-yl (guarun-9-yl) 
'5 6-hydroxypurin-9-y( 

sr. str; - ^ — - - - -° «~ ~ r ° ,™ 

2.4-dihydroxypynmidin-l-yi 
5-methyl-2.4-dihydroxypynmidin-1-yl 
5-ethyl-2.4-dihydroxypyrimidin- 1 -yl 
*2-hydroxy-4.aminopyrimidin-l-yl 
5-vinyl-2.4-dihydroxypynmidin-1-yl 
25 5-halovinyl-2.4-dihydroxypynmidin- 1 -yl 
5-halomethyl-2.4-dihydroxypyrimidin« 1 -yl 
5-halo©thy!-2.4-dihydfoxypynmidin- 1 -yl 

ha.ov,ny, (or S-ha.oa.Kenyi, group include , to 3 or even 4 F\ CI and groups ' " *" 

Thus the process according t0 th.s invention is useful for the preparation of a vanetv 2- r 
ynuc.eos.des. both pyridine and punne nuc.eos.des. having antiviral ^IS^i 12 , , ^ 
acfv.ty as well as actw.ty against human immunodefioency viruses an,,me,at30 " c - an * ant.neop.ast.c 

.nvo,,ng react,on of the compounds of the ,nven tIO n w,« h ."^^^^^ 

system!caTl m m^ a l C T ™\ * *** ' iqU ' d t0 S °' id 0r compos.tions for top.ca. or 

system.cal admm.stration. By system.c admm.stration is intended oral, rectal and parenteral n « ,« 
iramuscuiar. mtervenous. subcutaneous and nasal) routes. Parenteral (..e. ,n- 

Soiid fornvcompositions su.tabie for oral administration include powders tablets caosi ,i« nr* n 
the , lke . Su,tab.e solid earners ,ne.ud. for example magnesium c^nT^^T'Z^T^! 
pectme. oextnne. starch.geiat.ne. celluios.c materials and the like 9 

.ncludmo'sZorr aCCOrdm9 t0 me ,nVem, ° n ^ 0rOV ' ded " SOluble compounds or comp OSI « 10 ns 
55 med-u" 9 , ? Suspens,ons an<3 eniulstons wh.ch can be dissolved ,n ster.ie water or other „qu,d 

adm n,Ttr a i <3 : m,S,ra,,0n " ** Ewmp*. of liqu.d earners su.tab* o or 2 

r T a ' CO r 01 ' pol ^*"«- 9'*°'. PO.yemy.ene g.yco. and m.xtures of two or 

oZsJlJcl T mP S °' " qU ' d Carr ' erS SU,,a6,e ' 0r Paren,eral usa incl "* vva«er.for.,n,ect,on 

Dhys.oiogical sahne and other suitable stenle ,n,ection media. 
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In therapeutic use compounds of this invention w.ll be administered m an effective amount it , s to ce 
understood that the actual preferred dosage of compound will vary w.dely depending upon the requirements 
of the nost being treated, the situs and disease being treated, the compos.t.on being and the -cute of 
admm.stration. Optimal dosage and administration rates for a given set of conditions may be readily 
ascertained by those skilled in the art using conventional ddsage determination tests. 

The following examples illustrate but a few representative embodiments of the process according to this 
invention and are not to be construed as limiting in scope. All parts and percentages are by weight and 
temperatures are m degrees Celsius unless otherwise specified. 

The following Scheme II is m reference to the following examples 1-9. 



SCHEME II 
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EXPERIMENTAL 



Example l: 

i-O- Acetyl- 5-0- Benzyi-2.3-dideoxyO-oentofuranose (II). 

A solution of 1.00 g (0 0048 mole) of S-O-Beneyl^.S-dideoxy-O-pentofuranose. I. prepared accord.na r o 
"; e h fa,Ure m 2 mL ^ PV-d-ne and , m L acet.c anhydnde" was st,rred at room temper ure , rV 
hrs. The reaction m.xture was poured onto ,ce. stirred, and extracted w„h d.ch.oromethane The oroan.c 
layer was washed w„h ,N hydrochloric acd. saturated aqueous sodium D.carbonate. and bnne The 
dichloromethane solution was dried over sodium sulfate, filtered and evaporated to dryness v.eldino i ?o ! 
lI°ca % oer , t -2- e 'Vl-5-0-Pen 2y ,. 2 .3.dideo X y-0-pen«o,uranose as a co.or.es, liqu^ Chromato^p y^ 
sH,ca ge, with a mixture of ethyl acetate and hexane afforded pure ... The nuclear magnetic Resonance 
spectrum was cons.stent for the des.red structure and indicated that .1 ,s a 3:2 m.xture of anomers 
Crude II is. however, essentially pure and was normally used as such ,n the next step. 

Example 2: 

5-0-Benzy.-2.3-dideoxy-D-pentofuranosyl chloride (Ilia) . 

To a so.ut.on of 0.128 g (0.00051 mo.e) of l-0-acety.-5-0-ben 2 y.-2.3-dideoxy-D.pentofuranose ,n , mL 
d.ch.oromethane at 0-C. 4 mL of a 0.125 N so.ution of hydrogen chlonde fo.00051 mole) in d"h- 
orornethane were added. After 1 hr at 0-C. a nuclear magnetic resonance spectrum of a portion ol Z 
solut.on md.cated comp.ete conversion to the mo.sture-sens.tive 5-0.ben 2 y|.2.3-dideoxy-0- D entofuran«vi 
ch.or.de (...a). The above so.ut.on was used directty in the coup.ing exper.ments ~ Pent0flJfan0Sy, 

Example 3: 

S-0-8enzy |.2.3»dideoxy-0-pentofuranosvl bromide (lllb) . 

To a so.ut.on of 0.0965 g (0.000384 mole) of 1-0-acetyl-5-0-ben 2y ,.2.3-d.deoxy-D-pentofuranose ,n 1 
IhSSrST 31 " 3 °' C - 1 mL °' 3 0 36 N S0 ' U,,0n °' hyd ^ en ^m.de- (0.00036 mo!e) ,n 

^ ° ° ^ "V 35 After 15 m,n ' 3 nUC,6af ma 9 ne,,c resonan " s ^«rum of a portion of h.s 

IZ Z m^T C °^ P,e,e C ° nVerS,0n 10 5-0.ben 2y ,.2.3-dideoxy.O-pentofuranos 
brom,<3e (lllb). The above solution was used d.rectly in the coupl.ng exper.ments. 

Example 4: 

5 •Q-Ben2vl.y.3'-dideo)tYuridina fIVY 

a ,n A nnn?o* nSi ? n °' °' 24 9 (0 °° 214 m °' e> UraCiL 0 52 mL (0 00247 mo,e > nexamethy.dis-lazane and 0.025 
g (0.00019 mole) ammonium sulfate in 8 mL dry aceton.trile was refluxed under Argon for 2 hrs The 

T^!* evapora,ed 10 df y ne «- re P*C'ng the solvent w.th 5 mL dry dichloromethane and 
y.eTdmg a 0.428 M solution of O. 0-b.s-trimethylsilyluracil. To a solut.on of 0.104 g (0.000384 mole) of 5-0- 
oen 2 yi-2.3-d.deoxy-0-pento»uranosyl brom.de .n 2 mL dichloromethane at -40'C. 2 mL of a 0 428 M 
solut.on of bis-tr.methyls.lyl uracil (0.000856 mole) in dichloromethane were added and the temperature was 
allowed to nse slowly , 0 25'C. After an overn.ght. period at room temperature, the react.on was quenched 
w.th 0^2 mL methanol and filtered through Ceiite. washing w.th 30:1 dichloromethane-methanol 
n ml ,^. Pf ° dUCt WM chroma, °9 ra P n W O" s'»ca gel. us.ng 75% ethyl acetate .n hexane. to y.eid 
u.105 g (90 '.) of a m.xture of 5--0-benzy|.2-.3'-dideoxyuridine and .ts C(D ep.mer (a-anomer) ($:„ = 2 i) 

The nuclear magnetic resonance spectrum was consistent with the structure. 

The S and a anomers are separable by chromatography on silica gel 201 ' 



Example 5: 
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2 3 -Oideoxyundine (VV 

A suscension of 0.425 g (0 00024 mole) pre-reduced palladium chloride and 0 080 g (0.000265 mole) of 
5-0-benzyi-2'. 3-dideoxyundme (a and 5 anomers) m 1.5 ml dry methanol was hydrogenated m a Parr 
5 shaker with 15 p.s.i of hydrogen for I hr. The catalyst was removed by filtration through Ceiile. the filtrate 
was neutralized with 0.70 g of a Dowex WGR resin for 15 mm. at room temperature, filtered again and 
evaporated. The crude product was purified by silica gel chromatography, eluting with 5% methanol m 
dichioromethane. yielding 0.0545 g (97%) of 2'.3'dideoxyundine. together with the a anomer (&: a * 2:1). 
The nuclear magnetic resonance spectrum of the major component of the mixture was m agreement 
'0 with literature data 8JS . 



Example 6: 
>5 S'-OBenzyl^'.T-dideoxycytidine (VI) . 

A suspension of 0.363 g (0.00327 mole) cytosine. 0.78 ml (0.0037 mole) hexamethyidisilazane and 
0 038 g (0.00029 mole) ammonium sulfate in 10 ml dry acetonitnle was reMuxed under Argon for 2 hrs. The 
mixture was cooled, the solvent evaporated, replaced with 5 ml dichioromethane and allowed to settle, to 
20 yield a 0.654 M solution of O.N-bis-trimethylsilyl cytosine. 

To a solution of 0.92 g (0.0004 mole) of 5-0-benzyl-2. 3-dideoxy-O-pentofuranosyl chloride in 4 ml 
dichioromethane at 0*C, 1.26 mL of a 0.654 M solution of bis-tnmethylsilyl cytosine (0.00082 mole) were 
added and the temperature was allowed to rise slowly to 25 •<:. After an overnight period at room 
temperature, the reaction was Quenched with 0.2 mL methanol and filtered through Ceiue, washing with 20:1 
25 dichioromethane-methanol. The crude product was chromatographed on silica gel. eluting with 5% methanol 
m methylene chloride, to yield 0.090 g (74%) of a mixture of 5'-0-benzyl-^,3'-dideoxycytidme and its C(i) 
epimer (a anomer) {B'.a =2:1). * 

The nuclear magnetic resonance spectrum was consistent with the assigned structure. The t and a 
anomers were resolved on a silica gel plate, although separation of the anomers is not yet completed 20 a \ 

JO 

Example 7: 

2'.3 -Oideoxycytidine (V1Q . 

A suspension of 0.070 g (0.000395 mole) pre-reduced palladium chloride and 0.040 g (0.000132 mole) 
5'-0-benzyi-2'.3'-dideoxycytidine (a and $ anomers) in 1.5 ml dry methanol was nydrogenated in a Parr 
shaker with 15 p.s.i. of hydrogen for 1 hr. 

The catalyst was removed by filtration through Celite. the filtrate was neutralized with 0.1 g of an 
40 Ambertite IRA resin for 15 mm at room temperature, filtered again and evaporated. The crude product was 
purified by silica gel chromatography, eluting with 25% methanol in dichioromethane. yielding 0.020 g 
(71%) of 2'.3*-dideoxycytidine. together with the a anomer (0:a * 2:1). 

The nuclear magnetic resonance spectrum of the major component of the mixture was m agreement 
with literature data 5 . 

Example 8: 

.4 

5 -O-Benzyi-2' .OXTeoxythymidine (VIII) . 

50 ' ' ^ 

A suspension of 0.252 g (0.002 mole) thymine. 0.5 ml (0.0024 mole) hexamethyi-disilazane and 0 01 g 
(0 0001 mole) todotrimethylsilane was refluxed for 48 hrs.. then cooled. This solution of O.O-bis-trimethyi- 
silyl thymine was added to a solution of 0.271 g (0.001 mole) 5-0-benzyl-2.3-dideoxy-6*pentofuranosyl 
bromide m 12. 1 ml dry chloroform at -78'C. 
55 The mixture was slowly allowed to reach room temperature and stirred overmgnt. The reaction was 
Quenched with 0.5 ml methanol, diluted with dichioromethane. washed with water and brine and dried over 
sodium sulfate. ^ 

The crude product was chromatographed on silica gel. eluting with 4:1 ethyl acetate hexane. The yield 



it n " " ^ 6 <b0th an ° merS o0tained ' ° * - 0 180 g (S3-,, 

The nuoear magnet.c resonance spectrum was consent w„h me structure Altnoucn san , 
anomers was not earned out. chromatography methods are suo^,,, „ , Al ^gn seoarat,on 0( [he 
nucieos.de cnemrsiry"*'. d$ 3 9 Success,yl| y enjoyed for these separat.crs ,n 

Example 9: 

S'-O-Benzyi^'.a^dideoxyadenosine (IX). 

<o,o 4 , zz n zi^z r:r, vszt* — ~- ~ «, , 

.yp,ca»» USM ,n o^s« ch. m ^'" f aCh,eVM "" c "'° m "°S"°^ ™«« 

Tlx (ollowng SCHEME III is ,n «nn ,o th. lollow™ ,„m 0 l.s ,0-14 ana .8 s„„ ,7 t„ „ 
act,v,iy 01 r.p,esema»v,s of *. „ 0 »,i ccanoounds is set tonh In J " """"S 1 " 1 
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SO^ME III 
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'0 




81 - Benzoyl 



'5 
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*0 




( _.OH 
A<^/Py 



BzO 




TMSX 
0 



NHTKS 



BzO 



^ TMS / CHC1 3 
NH 2 X - Br 

bzo-X^xi i : . iB, 



OAc 
-XI 



3 



<o0 

NH 2 

XIV-A 



xiii A 

B - <j 

MeOH 

NH 2 
XIV-B 



NHTMS 




BzO- 



NH^eOH 



XVI (0,a) 

xvi i a- B. a 



HO-'\ /I HO 



XVII c 



NH 2 
XVII B 



50 Example 10: 

(U-S-O-Benzoyt^^-dideoxypentofuranose, X. 

To 200 ml of a 0.5 M solution of disiamyiborane m THF solution at 0*C was added dropwise under 
55 nitrogen a solution of 150g (0.068 mole) of (L)-5'-benzoyloxy-5-hydroxymethylbutyrolactone »n 40 mL of dry 
tetrahydrofuran. After 20 min at 0 # C the paction was warmed to 22*C. The reaction was stirred at 22*C for 
i 1 2 nrs. then worked up oy slowly adding 12 mL of water and refluxing for 30 mm. The reaction mixture 
was cooled to 0 # C followed by the slow addition of 24 mL of 30% hydrogen peroxide maintaining the pH 



Between 7-3 w„n IN sodium hydros After , he addition the reaction was evaoorateo unn. 

ZTsi r ro ! ovac r°; at 3o * c to an o,,y fes,aue th,s •« "^rz;; e r a :: 

comhnl n , aQUe ° US ' aVer W " 6X,raCted W ' tn 2 * 100 mL ^cntoromemane an ZZ < 
comd.ned organ,c layers were washed w„h 50 mL water, dr.ed over anhydrous sod.um Su l ate 
evaporated to an o„. Yield - iS.Og .99%, of ,L> 5-0-ben 2 oy,. 2 .3-d,deoxy D entofuran 0 se The h NMR 
consistent for structure and the Oil was used d.rectlyTn the n 9 x, step ~ aS 



Example 11: 

i -O-Acety i-( L)-5-0-ben ZO y|.2.3^ideoxypento>uranose. XI. 



A solution of (l)-5-0-benzoyl-2.3-dideoxypentofuranose (12.0g 0.054 mole) in 24 mL of pynd.ne and 12 

mL 0 ° TTt*; W " St,rre<3 " 22 * C ,0f 2 12 hr$ the " >V adding , 00 o c The 600 

mL of ethylacetate. The reaction m.xture was then washed with 3 X 100 mL in hydrochlonc aod 4 X To 
mL saturated aqueous sodium b.carbonate and 100 mL of brine. The organic V 
sulfate and evaporated to y.eld a pale yellow 0 ,l. Th.s could be used a, Tl7oZllZl 
35% ~>50% EtOAchexane. Yield: 8.6g ,60%) of i-O-acetyHL^oenTy, Temo^an 2 £ 
NMR was consistent for structure. Other fractions conta.ned the des.red materia, but were ,mpurl 



Example V2: 

Q^-{L)*5'«o-ben2oyN^,3'Kjicteoxyadenosine. XII. 



« *'« *>' '20 h„ „ ». C . Th. ,.«■,=„ .„ ,„,„ .o^Jo b, coo. o »Tc7oZl 7 '° "°" 



Example 13: 



Separation of « and d anomers of 9-fL)-5-0-ben2 0 yl^ .3'-dideoxyadenos,ne (XIII. A an* m 

This material was separated using a Waters LC-500 chromatography system on a Waters C ia or «n 
pak cartridge equilibrated and e.uted w,th 60% MeOH,H,0 a, solvent. The sampTwas dissolved ,n mL of 
c m ZT°J in ' eC,ed - E,Uti0n WM Carri6d ° Ut * °- 1 L m,n usin * a refractive index detect" fS: 1, were 

Xw?, *chtoromethane. The pooled organ.c layers were dned and evaporated to y.eld 

(U ' ;V^ 0y, - ? 3 - d,deox . yadenosine ) 660m 9 (NMR cons,stent w„h structure! and pure 9-<a>- 

(U-5 -0-ben2oyl-2-.3'-dideoxyadenosine- 560 mg (NMR consistent w.th structure ] 

There was also obtained a mixture of the 9-<a.*HL)-5-0-benzoyi-2-.3'-dideoxyadenos.ne> (-1.8 g). 

Example 14: 

Q-fAHD-^'-dideoxyadenosine (XIV A). 

9^)-(L)-5 0-ben 2 oyl-2-.3--dideoxyadenosine) (270 mg. 0008 mole) was dissolved ,n 5 mL of methanol 

Th 3 ,« ! mL °' methan °' Sa,Ura,9d W ' th ammon,a - Th,s was coopered and vented to a 
bubbler. After 16 hr the reaction was complete and then was evaporated. The res,due was chromatographed 
on a s.l.ca ge column packed and e.uted w,th 10% methanol in d.ch.oromethane. A gradient was run to 
^V . methanol .n d.chloromethane. Oesired pure fractions were pooled and evaporated. The res.due was 



'5- 



0 285 884 



crystallized from methanol to yield 160 mg (85%) of 9-(0HU-2*.3'-dideoxyadenosine). (NMR was consistent 
for structure.] 

Calculated for C 51.05. H 5.57 N 29.77 
Found C 51.15. H 5.63. N 29 67 

5 

Q-foHU^'^'-dideoxyadenosme (XIV Bh 

9-(a)-(l)-5*-0-Benzoyl-2'.3'-dideoxyadenosine) {250 mg. 00074 mole) was dissolved m 5 ml of metha- 
•o nol. To this was added 20 ml of methanol saturated with ammonia. This was stoppered and vented to a 
bubbler. After 16 hours the reaction was evaporated and chromatographed on a silica gel column packed 
and eluted with 10% methanol in dichloromethane. A gradient was run to 20% methanol in dich- 
loromethane. Desired pure fractions were pooled and evaporated then crystallized from methanol to yield 
170 mg (98%) of g-faHU^^'-dideoxyadenosme). f/H NMR consistent with structure.] 
'5 Calculated for C 51.05. H 5.57, N 29.77 
Found C 51.04, H 5.59. N 29.64 



Example ]_5: 

20 

Separation of a.^HDl-S-O-benzoyl^.^dideoxyadenosine (XV A^. 

The mixture from the coupling reaction containing 9-<a.0HD)-5'-O-benzoyl«2'.3'-dideoxyadenosine was 
reverse phase chromatographed on a Waters LC-500 chromatography system using a Waters prep pak C- 

25 18 column and 50% MeOH/HjO to elute. This material was dissolved in 2 ml of methanol and injected. 
Flow rate of .1 L min was used. After eluting 1.5 L of solvent the 4 l of mobile phase was gradually deiuted 
with 60% MeOH/HiO. The fractions containing mainly the o-(D)-5'-0-benzoyl isomer were then evaporated. 
The residue was then rechromatographed on a flash column 1" x 14" packed with C*18 and eluted with 
50% methanol'water to a gradient of 65% methanol/water. 

30 Fractions were collected and pure ones pooled and evaporated to 1.3 volume. This was then extracted 5 X 
100 ml with dichloromethane and the pooled organic layers were dried over anhydrous sodium sulfate and 
evaporated. This material was crystallized from acmone to yield a«(D)*5'-0-benzoyl-2\3'-dideoxyadenosine. 
[NMR was consistent for structure.] 

35 



*0 




- 15 9 •a-(Q)-2*.3*-dideoxy adenosine (XV B). 

The material 9«(a-(D)-5'-o-benzoyl-2\3'-dideoxyadensoine) 220 mg (0.00065 mole) was dissolved in 8 
mL of methanol saturated with ammonia. This was stirred in a closed system for 16 hrs. The reaction was 
then evaporated arTd chromatographed on a silica gel column packed and eluted with 12% methanol in 
50 dichloromethane. Fractions were collected and pure ones pooled and evaporated. 

The residue was crystallized from methanol to yield 9-<aHD)«2\3*-dideoxyadenosme) 114 mg 75% [*H 
NMR was consistent with structure.] 



55 Example 16: 



50 



55 



jg.i)-(L;-5 '0-Cenzoyi-2'.3'-did90xycytidine (XVI). 

t-0-acetyl-5-(L)-0-benzoyl-2.3-pentofuranose 2 315 a nrififi mm. 
o.cnioroethane. r 0 m „ was added , 8 oMnme n y s, y, om ae <r 7 6 20 ^ °' ' 2 ' 

5 ^ r S: ' rred 3t 22 '° " 20 mm ' 0l,0wed °V coonn to L iTsTa . . C To Un r f ^ " 
added 50 ml a solution of a .31 mo.ar S oiut 10 n of b.ss.lylcytos.ne (15 65 mm) The bath ' 
the reaction was allowed to warm to 22'C After ifi hr< ,J - . was rem ^ed and 

ana the o-gan.c laye, .as washed w,m 50 ml ol ~a». The o,r,°,„, , Z <3,cf "°'° m9 "'a"e (CH,C1» 

. «*. ehd e™ to y ,e,0 « , „, a ^ SXr^r" 

Example 17: 

5 Seoafation of a.i-(L)-5 -0-ben2 oy|.2-.3--dideox Y oy t,rt,n < , (XVII A). 

The material isolated from the coupling reaction was separated on a Waters LC «,nn ,„ 
system us.ng a reverse phase C-,8 chromatography cartridge Waters a Lf'n^ cn ™«°« r «' h V 

> using a gradient over a total of 6 I to 50% Me0H,S0% pH 6 5 butter L " 

Fractions were collected and analyzed by TIC on SIO, plates w.th s» M.n H r u 

«-« e„ ,o ,. M m9 o, ,.uro m o:r;sSoe:roZhrrN:ro:„~ 

'ayers were dried and evaporated I to y.eid 506 L J ny^nT^T^' The COmb ' nea oraan ' c 
consistent w„h structure.] 9 ° < " <L, * S ^^""y'^ ^-dideoxycytid.ne [ H NMR 

i-(U-2.3'-dideoxycytid.ne (XVII B). 

reaottoo .as altrred a, 22-CIOh VstaTnZ V "" M ,n "> u » n ' 

q-(L)-2' 3^dideoxycYtidine (XVII C). 

»o th^as a^ ' 25 ° ° °°° 79 m ° ,e ' diSS0,v * ' n 5 "* <* ™"™l and 

St,rr,ng?6 hour, a, 22'C the react. '^T ^ T™"' 3 - ^ ' eaCtl ° n * M ^ 10 3 bubb, «' A ^ 
ether to leave In o.. Th . comp.ete. The reaction was then evaporated and tr.turated w„n 

^"^K^r W y,e ' d - <L '- 2 '- 3 — yt,d,ne 0*0 mg. 

Example |8: 
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Separation of a.i-{0)-5'-Q-benzoyi-2' 3'-dtdeoxycytidme (XVIII A) 



The mixture of a.3-(D)-5'-Oben2oyl-2'.3'-dideoxycytidine was flash chromatographed on a reverse 
phase C-18 column (1" X 14") packed and eluted with 40% MeOH-pH 6 5 01 M ammonium pnospnate 
5 duffer. Fractions were collected and analyzed by TLC on silica gel plates using 5% methanol m 
dichloromethane as solvent using two developments. 

Fractions containing mainly the second spot were pooled and evaporated, then rechromatographed on the 
same column in the same way. This yielded pure fractions which were pooled and evaporated. The residue 
was dissolved in 5% methanol in dichloromethane and filtered through glass wool (to eliminate buffer salts). 
to The filtrate was evaporated to yield a-<0)-5'-0-ben2oyl-2\3'-dideoxycytidine 190 mg. [ H NMR consistent 
with structure.] Also obtained during this separation in an analogous manner were pure d-D-ddC and the 
same mixture as originally started with. 



'5 o-(D)-2'v3'-dideoxycytidine (XV1I1 8) 

o-tDJ-S'-O-benioyl-y.y-dWeoxycytidine 80 mg (0.00025 mole) was dissolved m 5 ml of methanol 
followed by the addition of 10 mL of methanol saturated with ammonia. The reaction was vented through a 
bubbler. After 16 hours the reaction was complete and was then evaporated, the residue was triturated with 
:c ether to yield 50 mg a-(D)-2',3'-dideoxycytidine. [*H NMR consistent with structure.! 



Example |9: 
25 9-cHL)-2 # .3'-dideoxytnostne 



To 45 mg ( 00019 Mole) of 9-a-(L)-?.3*-dideoxydenosine was added 3ml of distilled H 2 0 and 45mg of 
adenosine deaminase (Sigma. Type II. E (3.5.4.4). The reaction was stirred at 22*C for 18 hours. At this 
time HPLC analysis (20% MeOH/ph 6.5 ammonium phosphate buffer, c-18 column) indicated the reaction to 
be 97% complete. The H 2 0 was then evaporated, followed by combining this reaction with a previous lOmg 
scale reaction. The was then chromatographed on a silica gel column packed and eluted with 10% 
MeOH/CHjCla. 

Fractions were collected, analyzed and pure ones pooled to yield 42 mg (.00018 Mole) of 9-a-L-2*.3'- 
dideoxymosme (76% yield) mp >250 # C. [NMR was consistent for structure.] 
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Table = Biolog ic .A ctivity Against Human Tnununcd. fj^ n: 

Virus (HIV ), ul/mi 



Compound 
Formula 



Ho 



20 



25 



30 



Oi 



HO - 1 



Compound 
Name 



ID 



a-D-ddc 

(Ex. XVIII B) 



50 



<0.1 



TCID 



50 



<1.0 



fi-L-ddc 
(Ex. XVII B) 



<0.1 



22.0 



15 



Ho J 




«-L-ddc 
(Ex. XVIIC) 



10.0 



>100. 
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?5 Claims 



1 A process for producing a 2'.3'-dideoxynucieoside represented by the formula 



20 



RO 




25 wherein B is a base selected from the group of purine and pynmidine bases and R is a member selected 
from H and hydroxy-protecting groups, which comprises the steps of: 

(a) converting a member of the group consisting oM-and D-7-carboxy-7-butyrolactone of the formula 



HD0C 



30 




35 



Formula 1 

to a 5-O-hydroxy-protecting group-methyl-vbutyroiactone of the formula 




*o 

Formula 2 



wherein R is a hydroxy-protecting group, by reacting the compound of Formula 1 with a carboxy group 
-reducing agent followed by reacting the resulting hydroxy methyl group with a hydroxy-protecting group 
reagent: 

(b) converting the intermediate from step (a). Formula 2. to the 5-0-hydroxy-protectmg group-methyl- 
2.3-dideoxy-O-or -L-pentofuranose of the formula 



50 




Formula 3 

wherein R is a hydroxy-protecting group, by reacting the compound of Formula 2 with a carbonyl group 
reducing agent: 

(c) converting the intermediate fr&m step (b). Formula 3. to a l-O-activating-group-5-O-hydroxy- 
protecting group-2.3-dideoxy-0-or -L-pentofuranose of the formula 



R0-, 




Formula 4 

wherein R is a hydroxy-protecting group and A is an O.art.waf,™ « 

ary.carbony,. a.xyim.ocarbonyl. aryUcarbonyl. ^. "^y^^* ^ ''^'"'^V- 
tne aikyi mo.ety may be an unsubst.tuted or substituted C C *T*"' 0ny ' and "donate groups, where.n 
unsubs«„u,ed or substituted phenyl gr0 up ^^^'Z^™^* ™* ^ " « 
selected from , t0 3 groups selected from halo and C-C 3 I ox oroun! T V m °' et ' eS ^ b * 

Formula 4 w,th an acylating or sultonat.no or Mrhnnvi-.^, 9 V reaCt,ng the c ° m POund of 

(d) convert^ le 'to^^Z?^^??'™*^ '° *» *»* A ^ 
the formu.a S HX and TMSX to the ^^^^^^^2 ' haV ' n9 ° ne °' 

0/ the formula 9 protecting group-2.3-d,deoxy.O-or -L-pentofuranose 

RO 




Formula 5 

wherein R is a hydroxy-protecting group and X is a leaving group selected frpm F CI Br an . lh 
.he compound of Formu.a 4 with a compound having one of the formulas HX and TMSX * 

(e) reacting the intermediate from step (d) Formula 5 with an 1* . IT J 

and pynmidine bases, where.n the base has been acttva L hT m * 6356 Sel6CteCl ' r0m punn « 

hydroxy groups on the nucleus of the g!ven base w'tn a ~t L ° feaCt,n9 the Pendam af ™° and 

acety.at.ng and ben.oylat.ng agent,. *K£Z?J£5^£^ ^ "« 

presence of a solvent se.ected from po.ar and non-pour L.venti ^ ** 

(f) recovering the dideoxynucieoside from step (e) above 

^^jSEszzzl zz::< sr r.? steos ,a) ana <b > is — 

(O-t-BUb. and dia.kylboranes including (sla^BH ' ^ LiAIH(0Me>3. and LAIH- 

3. A process accord.ng to cla.m t wherein the reducing agent used in step (a) .s BH, or Bh 

s. A „,oc«j accordiio to ci*m « hydraxy-protteWa g,o u „ i, e«uw 

« ztsszzzs^zzzr* da,m in - ^ — - * - 

<., ™ r^ssroS ss^sssr - - ~ 

S»a"='» ""L ^ I B °' 6 "r'T , . ,n *l'' J.^.nop.r.n*,,. 2 .L,n 0 . 6 

d*yOr«IpL™^ IT!"' '• J *fV*0»ypn- m «l,n.3.y,. 2.h y0 ,o,y.6. am ,„ 0 p y „ miC ,, n . 3 . y ,. 5 j 
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1 1 A process according to anyone of the preceding claims including the additional step, following steo 
fe) and ce'cre steo (f). of removing the 5-O-hydroxyprotecting group. 

12. A process according to claim 11 wherem the 5-O-hydroxy protecting group is selected from benzyl 
and benzoyl grouos and said group <s removed Dy means selected from catalytic nydrogenation of the 

5 oenzyi group using H 2 PdCIj reagent and NH 3 hydrolysis of the benzoyl group, respectively. 

13. A compound having the formula 



'0 




wherein R is a hydroxy-protecting group and A is an O-activating group selected from alkylcarbonyl. 
aryicarbonyl, alkylthiocarbonyl. arylthiocarbonyl, alkylsulfonyl. arylsulfonyl and carbonate groups. 

14. A compound according to claim 13 wherein R is PhCHj (benzyl) and wherem A is CH 3 CO (acetyl). 

15. A compound having the formula 



20 




.wherem R is a hydroxy-protecting group and X is selected from F. CI, Br and I. 

16. A compound according to claim 15 wherein R is selected from PhCHj (benzyl) and benzoyl groups. 

1 7. The compounds having the formulae: 

25 



30 



35 



40 




and 



and the pharmaceutical^ acceptable salts thereof. 

18. An (L)-2*.3'-dideoxynucleoside having the formula 




wherein 



B is a member selected from the group consisting of purine and pynmidine bases, and the pharmaceuti- 
cal^ acceptable salts thereof. 

19. The compounds according to claim 18 having the formulae 

55 
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'0 



20 



25 



30 



35 



40 



50 



55 



L(?)ddA /SrS 



L(o)ddA 



L(P)ddC rf*Y> 



L(a)ddC 



.0^ 



and 



•to 



L(a)ddl ""V^ 



HQ— M 



20- A pharmaceutical composition comprising at least one 2'.3'-dideoxynucieoside as defined m claims 
17 to 19. optionally together with a pharmaceutically acceptable earner and/or diluent. 
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2i A orocess for preparing me pnarmaceut.cal composition of claim 2Q wh, C n comonses orov.o.nn » 
compound as defined .n claims 17 to 19 .n the form of a onarmac e ui lca , P „l !°T pr0v,a,n 9 3 
■"corpora,^ „ ,nto a p.armaceut.cai.y acceptable earner ana or ZZ 



'5 



20 



25 



30 



J5 



40 



-»5 



50 
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